L 4 , or 3-[2,6-bis(diethylcarbamoyl)pyridin-4-yl]-N-(tert-butoxycarbonyl)alanine methyl ester, C 24 H 38 N 4 O 6 , crystallizes in neat [010] laths stabilized by abundant intra-and intermolecular hydrogen bonds. The strongest of these form [010] chains of molecules, thus rationalizing the fastest growth direction, while the slowest direction coincides with the normal to the (110) layers, which are linked by very weak hydrogen bonds. There exist two independent molecules, the distances and bond angles of which differ in a random manner only. The torsion and dihedral angles, however, differ so as to achieve optimal packing. The in¯uence of the chiral group in the 4-position of the pyridine ring on the helical wrapping and on the ensuing diastereomeric induction is brie¯y discussed.
L 4 , or 3-[2,6-bis(diethylcarbamoyl)pyridin-4-yl]-N-(tert-butoxycarbonyl)alanine methyl ester, C 24 H 38 N 4 O 6 , crystallizes in neat [010] laths stabilized by abundant intra-and intermolecular hydrogen bonds. The strongest of these form [010] chains of molecules, thus rationalizing the fastest growth direction, while the slowest direction coincides with the normal to the (110) layers, which are linked by very weak hydrogen bonds. There exist two independent molecules, the distances and bond angles of which differ in a random manner only. The torsion and dihedral angles, however, differ so as to achieve optimal packing. The in¯uence of the chiral group in the 4-position of the pyridine ring on the helical wrapping and on the ensuing diastereomeric induction is brie¯y discussed.
Comment
Lanthanide coordination chemistry is essentially motivated by applications in biology and medicine, mainly for analysis (Parker, 2000) and diagnosis (Yam & Lo, 1999) , but also for therapeutics (Guo & Sadler, 1999) . These applications require precise control of the Ln III inner coordination sphere and therefore ligands that preserve, or preferably enhance, the physicochemical properties of the metal ion.
We have recently turned our attention to mononuclear triple helical lanthanide complexes with chiral tridentate aromatic ligands for the purpose of studying the in¯uence of helical wrapping on diastereomeric induction, thermodynamic properties and energy-transfer processes. Related helical induction in the ground state requires diastereomeric resolution, and we have recently synthesized the title compound, L 4 , (I), bearing a chiral group in the 4-position of the pyridine ring. We have also studied the interaction of L 4 with trivalent lanthanide ions (Muller, Schmidt et al., 2001) . Interest in synthesizing chiral helices is growing, because they may be incorporated in, for example, biomedical materials and used as probes for chirality sensing of biological substances (Tsukube & Shinoda, 2002; Govenlock et al., 1999) .
NMR analysis of L 4 is consistent with the presence of a single species, with a terdentate binding unit in a trans±trans conformation. The absolute con®guration of the asymmetric C atom is retained, as demonstrated by the value of the speci®c optical rotation, viz. [] 25 D = À3.5 (4) dm 2 mol À1 (Muller, Schmidt et al., 2001) . We have determined the crystal structure of L 4 in order to con®rm that the trans±trans conformation observed in solution also prevails in the solid state.
The structure contains two independent molecules, which are depicted in Fig. 1 . These are roughly equivalent by a translation of 1 2 c. A normal probability plot (NPP; Abrahams & Keve, 1971) involving 34 distances and 45 bond angles that are analogous in the two molecules is linear, with a slope of 1.60 and a m exp axis intercept of À0.05. The linearity implies that these geometric quantities differ only in a random way between the two molecules, while the non-unit slope points to an underestimation of the variances. The molecules do, however, distinguish themselves in their torsion and dihedral angles. In each molecule there are seven subsets of atoms that de®ne planes, viz. the pyridine ring, the C5/C6/C7/C9/N2/O1 and C1/C11/C12/C14/N3/O2 carboxamide groups, the C3/C16/ C17/C18 butane skeleton, the C17/C18/C19/N4/O3/O4 aminoacetic acid methyl ester group, the C20/C21/O5/O6 aminocarboxylate group, and the C17/C20/N4 azapropane group. Of the seven planes, the atoms in the C3a/C16a/C17a/ C18a group exhibit the largest mean deviation from the plane (0.06 A Ê ). The angles between the planes of the aminocarboxylate and azapropane groups are 16.8 (2) and 12.1 (4) for the two molecules. The values of these angles must be due to steric requirements, notwithstanding the intramolecular OÁ Á ÁHÐC hydrogen bonds (Table 1) that favor the planar con®guration, since the distances and angles between analogous atoms in the aminocarboxylate and carboxamide groups are very similar in the two molecules, and since these groups are perfectly planar. Furthermore, the C O and C N distances (Table 2) indicate some degree of delocalization in the amide groups.
The structure is stabilized by a wealth of intermolecular hydrogen bonds, which form a three-dimensional network ( Fig. 2 and Table 1 ). The strongest of these (OÁ Á ÁHÐN) form [010] chains of molecules, each consecutive pair of molecules being related by {C 2y |0 1 2 0}. These chains, in turn, are linked by weak OÁ Á ÁHÐC hydrogen bonds to form ab layers that are ®nally connected by even weaker OÁ Á ÁHÐC bonds to complete the three-dimensional web. The strength of the hydrogen bonds agrees with the observed growth speeds of the crystal faces, viz. v 010 >> v 101 > v 100 (L 4 grows as [010] joists). None of the hydrogen bonds (Table 1) rigorously qualify according to the Desiraju (1996) criteria (2.0 < d < 2.3 A Ê and 150 < < 180 ), but it seems hard to imagine that these interactions do not determine the packing of this structure. Surprisingly, not even the C17ÐH17Á Á ÁO5 bond succeeds in imposing a planar C17/N4/C20/O5/O6/C21 group, although such a conformation has been observed, for example, in 11-methoxy-15,16-dihydroxycyclopenta[a]phenantren-17one (Desiraju et al., 1993) . The steric factor warping the azapropane and aminocarboxylate groups is ®nally demonstrated by the asymmetry of the C22ÐH22Á Á ÁO5 and C24ÐH24Á Á ÁO5 bonds and by the C23ÐC21ÐO6ÐC20 torsion angle of À167.88 (18) .
Figure 2
Hydrogen bonds in one of the ab layers. The layer-connecting hydrogen bonds involve O3.
The average bond lengths fall well within the ranges listed in the International Tables for Crystallography (1992, Vol. C). Following the example of Desiraju (1996) , normalized NÐH and CÐH distances were used for the compilation of Table 1 , although the re®ned distances reached satisfactory values, for example, 1.004 A Ê for the mean CÐH bond. Despite the presence of several O and N atoms and the good quality of the data, the structure does not possess an enantiomorph-discriminating capacity that is high enough to furnish the absolute con®guration of atom C17. However, since the synthesis involved no chirality-inverting step, atoms C17a and C17b are likely to be S.
The structure shows that the trans±trans con®guration of atoms O1 and O2 prevails in the solid state. This con®guration is probably due to a minimization of the steric repulsion of the two carbamate groups, and the chiral substituent grafted onto the 4-position of the pyridine ring. During complexation, this con®guration changes to cis±cis.
On the other hand, chiro-optical data clearly suggest the helical wrapping of the three ligand strands around the Ln III ions. This fact is con®rmed by speci®c rotary dispersion measurements (Muller, Schmidt et al., 2001) but is contrary to the situation observed when bulky neopentyl subsituents were grafted onto the benzimidazole sidearms of a 2,6-bis(1-Sneopentylbenzimidazol-2-yl)pyridine ligand . Moreover, the circularly polarized luminescence of the Eu III triple helical complex displays a weak effect, pointing to a small diastereomeric excess in solution, similar to that recently observed for the corresponding complex with 2,6bis(1-methylbenzimidazol-2-yl)-4-(neopentyl ester)pyridine, which also bears a chiral group in the 4-position of the central pyridine ring (Muller et al., 2002) . Therefore, the diastereomeric induction resulting from the in¯uence of the helical wrapping may be modulated by varying the chiral substituent in the 4-position of the pyridine ring, as may the electronic and photophysical properties. The combination of these properties opens new perspectives for the design of lanthanide triple helical complexes acting as probes for chiral recognition.
Experimental
Ligand L 4 was synthesized from 4-bromo-N,N,N H ,N H -tetraethylpyridine-2,6-dicarboxamide via a palladium-mediated reaction with Jackson's zinc reagent (yield 61%). The details of the preparation have been described elsewhere (Muller, Schmidt et al., 2001) . The yellow solid was recrystallized, by slow diffusion of hexane into a dichloromethane solution, to yield [010] joists. The habitus of the measured cut consisted of the {101} prism, the {100} pinacoid and the (010)/(010) cut planes. 
Crystal data

Data collection
Stoe IPDS diffractometer 9 scans 38 694 measured re¯ections 6220 independent re¯ections 5570 re¯ections with I > 2'(I ) R int = 0.045 max = 28.0 h = À14 3 14 k = À11 3 15 l = À24 3 24
Re®nement
Re®nement on F 2 R[F 2 > 2'(F 2 )] = 0.035 wR(F 2 ) = 0.057 S = 2.90 6220 re¯ections 663 parameters H-atom parameters constrained (Á/') max = 0.001 Á& max = 0.24 e A Ê À3 Á& min = À0.20 e A Ê À3
The 1 2 value of 2.90 calls for an explanation. Indeed, a R exp versus R stat NPP displays a slope of 1.9 and a R exp axis intercept of 0.09. The line is perfectly straight (except in the tails), suggesting that the experimental s.u. values have been underestimated (a common observation in single-crystal diffraction experiments) rather than that the data are suspicious. All the other usual plots and the small number of inconsistent equivalents (70) con®rm the sound nature of this data collection. The number of re¯ections is 291 short of completeness; these were overloaded re¯ections that could, unfortunately, not be remeasured because of technical problems. Friedel pairs were averaged. H atoms were placed in calculated positions and re®ned using a riding model with variable CÐH distances. Anisotropic displacement parameters were preferred for all non-H atoms. organic compounds Table 1 Hydrogen-bonding geometry (A Ê , ). Data collection: IPDS Software Package (Stoe & Cie, 1997); cell re®nement: IPDS Software Package; data reduction: IPDS Software Package; program(s) used to solve structure: SIR97 (Altomare et al., 1997); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: SHELXTL (Bruker, 1996) ; software used to prepare material for publication: SHELXTL and PLATON (Spek, 2003) .
Supplementary data for this paper are available from the IUCr electronic archives (Reference: SK1603). Services for accessing these data are described at the back of the journal.
sup-1 Acta Cryst. (2003) . C59, o353-o356 supporting information Acta Cryst. (2003) (Bruker, 1996) ; software used to prepare material for publication: SHELXTL, PLATON (Spek, 2003) . Refinement. Refinement on F 2 for ALL reflections except for 0 with very negative F 2 or flagged by the user for potential systematic errors. Weighted R-factors wR and all goodnesses of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The observed criterion of F 2 > σ(F 2 ) is used only for calculating _R_factor_obs etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 0.0323 (9) 0.0230 (12) 0.0308 (8) 0.0010 (7) 0.0166 (7) −0.0052 (7) O4 0.0361 (9) 0.0285 (13) 0.0326 (9) −0.0111 (8) 0.0187 (7) −0.0041 (7) O5 0.0219 (7) 0.0247 (11) 0.0214 (7) 0.0072 (6) −0.0008 (6) −0.0042 (6) O6 0.0273 (8) 0.0189 (10) 0.0174 (7) 0.0052 (6) 0.0015 (6) −0.0034 (6) N1 0.0158 (8) 0.0127 (12) 0.0176 (8) −0.0013 (7) 0.0025 (6) −0.0014 (7) N2 0.0147 (8) 0.0173 (13) 0.0249 (9) 0.0006 (7) 0.0036 (7) −0.0002 (8) N3
0.0214 (8) 0.0138 (12) 0.0188 (8) 0.0011 (7) 0.0006 (7) −0.0019 (7) N4 0.0216 (8) 0.0121 (12) 0.0177 (9) 0.0026 (7) 0.0024 (7) 0.0012 (7) 0.0222 (7) 0.0189 (10) 0.0237 (7) −0.0048 (6) 0.0008 (6) 0.0045 (6) O3A 0.0321 (8) 0.0275 (12) 0.0342 (9) −0.0050 (7) 0.0177 (7) −0.0109 (8) O4A
0.0236 (8) 0.0262 (12) 0.0329 (9) −0.0079 (7) 0.0145 (6) −0.0056 (7) O5A 0.0300 (8) 0.0209 (11) 0.0193 (7) 0.0072 (7) −0.0018 (6) −0.0015 (6) O6A 0.0307 (8) 0.0183 (11) 0.0176 (7) 0.0051 (7) 0.0003 (6) −0.0061 (6) N1A 0.0151 (8) 0.0139 (12) 0.0196 (9) −0.0002 (7) 0.0035 (6) −0.0008 (7) N2A 0.0161 (8) 0.0174 (13) 0.0235 (9) 0.0028 (7) 0.0065 (7) 0.0012 (7) N3A 0.0180 (8) 0.0156 (12) 0.0170 (8) −0.0011 (7) 0.0018 (6) 0.0012 (7) N4A 0.0201 (8) 0.0105 (11) 0.0166 (8) 0.0015 (7) 0.0023 (6) 0.0007 (7) C1A 0.0142 (9) 0.0135 (14) 0.0169 (9) −0.0023 (8) −0.0002 (7) −0.0005 (8) C2A 0.0149 (9) 0.0131 (14) 0.0207 (10) 0.0024 (8) 0.0033 (8) −0.0041 (8) C3A 0.0143 (9) 0.0179 (14) 0.0160 (9) −0.0036 (8) 0.0015 (7) −0.0029 (8) C4A 0.0155 (9) 0.0144 (14) 0.0162 (10) −0.0009 (8) 0.0024 (7) −0.0010 (8) C5A 0.0123 (9) 0.0129 (13) 0.0181 (10) −0.0017 (8) 0.0003 (7) −0.0011 (8) C6A 0.0177 (9) 0.0182 (15) 0.0136 (9) 0.0020 (9) 0.0037 (7) 0.0035 (8) 
